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@ X-Ray apparatus. 

@ X-ray stereoscopic cinematography apparatus uses an 
X-ray tube (1) having a pairof focal poihte (fr and fl) on the 
anode (P), from which X-ray beams can be radiated indepen- 
dently. Focal points (fr and fl) are spaced by the inter-ocular 
distance. The X-ray beams are directed through an object (2) 
such as a patient and are received by an image intensifier (3) 
which emits an optical image received by an optical system 
(4). The optical beam can be diverted to either or both of 
cinecameras (5 and 6) for receiving "right" and "left" 
images. A television camera (7) Is arranged to receive both 
images. The shuners of the cinecameras are synchronised 
but are 180' out of phase, so that both shutters are never 
open at the same time. Mode selector (8) can select a 
i stereoscopic radiographic mode, a mono-scopic radio- 
graphic mode or a fluoroscopic mode. When the first is 
selected. X-ray beams are emitted alternately from the focal 
_ points (fr and fl) in synchronism with the shutters of the 
(0 cinecameras (5, 61 so that the first cinecamera <51 receives 
^ only "right" images and the other cinecamera (61 receives 
only the "left" images. In the mono-scopic radiographic 
^ mode. X-ray beams are emitted from only one of the two 
^ focal points and only one of the dnecameras is activated. In 
the fluoroscopic mode. X-ray beams from only one of the 
focal points is emitted, neither cinecamera is activated and 
the optical image is received only by the television camera 
(7). 
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X-RAY APPARATUS 



This invention relates to X-ray apparatus and is aimed 
at providing such apparatus capable of performing 
stereoscopic, or mono-scopic X-ray cinematography, or X-ray 
fluoroscopy. 

In the field of X-ray examination, and particularly in 
that utilising angiography, there is a great demand to 
enable an object, such as a patient, to be viewed three- 
dimensionally. Previously, single directional radiography 
^as generally been performed in the diagnosis and treatment 
of, for example, congenital heart disease, valvular heart 
disease, and hepatic artery disease. of the heart, vhere 
cardiovascular angiography is feasible; uni-directional 
radiography however shows nothing of a three-dimensional 
--object- -other than a single plane,, and it is extremely 
difficult to view a unidirectional image stereoscopically. 

If two-directional radiography is performed in an 
attempt to improve the examination of the three-dimensional 
object, only two plane images which differ only in the 
radiographic direction are obtained and. again, a 
stereoscope is unobtainable. 

in cardiovascular angiography. X-ray fluoroscopy is 
performed, while a contrasting medium is injected in the 
object to be observed and the resulting fluoroscopic images 
are photographed with a cinecamera. However since, in the 
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resulting images in each direction is a plane image. 
Consequently, it is difficult to obtain precise observation 
of cardiovascular systems and the like because of the 
impossibility of stereoscopic viewing. 

In the present invention, an X-ray tube designed to 
radiate X-rays independently from at least two focal points 
is employed with an optical system for independently 
projectj.ng images derived from those focal points, so that 
stereographs may be obtained. 

Thus, the present invention provides X-ray apparatus 
employing an X-ray tube designed to radiate X-rays from at 
least two focal points independently, the apparatus 
comprising a converter for converting an X-ray image derived 
by means of X-rays from the tube to an optical image; an 
optical system for projecting the optical image, the system 
including a first half-mirror and a second half-mirror which 
is arranged to receive light frOTi the location of the firs t^^ 
half-mirror, each of the half-mirrors being movable between 
an operative position in the light path and an inoperative 
position out of the light path; first and second cinecameras 
arranged to receive the optical image when the first half- 
mirror and second half-mirror respectively is in operative 
position; means for synchronising the drives of the 
cinecameras so that their shutters are opened alternatively* 
and so that the shutters are never open simultaneously; a 
television camera also arranged to receive the optical image 
projected by the optical system; mode setting equipment to 
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cinematography mode, or a fluoroscopy mode; radiographic 
control means controlled by the setting equipment for 
controlling the drive of the cinecameras, and for generating 
X-ray exposure switching signals synchronised with the 
i%shutter movements of the cinecameras; and a switching 
controller for the X-ray tube which controller is operated 
by the switching signals and which is designed to control 
the X-rays radiated from each of the focal points when the 
stereoscopic cinematography mode is selected. 

By a "half-mirror" is meant a mirror which is part- 
transmissive and part-reflective. 

The' invention will be more readily understood by way of 
example from the following description of X-ray apparatus 
. in accordance therewith, reference being made to the 
accompanying drawings, in which 

Figure 1 is a block diagram, schematically illustrating 
the apparatus, . . 

Figure 2 shows in axial section the optical system of 
the X-ray apparatus of Figure 1, 

Figure 3 is a circuit diagram illustrating one form of 
the X-ray switching controller of Figure 1, and 

Figures 4(a) to (f) are timing charts explaining the 
operation of the apparatus. 

Referring to Figure 1, an X-ray tube 1 for stereoscopic 
radiography has a conical trapezoid shaped rotating anode P, 
and two cathodes Kr and Kl spaced apart by a distance 
corresponding to the average human inter-ocular distance, 
and facing the oblique part of anode P. Hereinafter, the 
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suffixes r and 1 are in conjunction with the reference 
numerals of the drawings relate to the right and left eyes, 
respectively. Grids Gr and Gl are interposed between the 
cathodes Kr and Kl and the rotating anode P and are employed 
for X-ray expo.sure control. The potentials on the two grids 
are alternately altered to cause X-ray radiation 
alternatively from the corresponding anode parts during the 
times when electrons are emitted from the respective 
cathodes Kl and Kr. The two beams of electrons from the 
cathodes impinge upon the portions of the oblique anode P 
facing the cathodes, to define two focal points fl and fr 
from which a pair of X-ray beams are radiated. In this way, 
two X-ray beams are generated, spaced laterally at the 
inter-ocular distance. The X-ray tube 1 as described above 
is disclosed in U.S. Patent No. 4287420, for example. 

An object 2 such as a patient is interposed between the 
X-raY" tube 1~ alid an ima^ 3 which receiveis on 

its input face the X-ray beams after passing through the 
object 2, and forms light images. Optical system 3 is 
connected to the output of intensifier 3 and projects the 
optical output image as will be described. Cinecameras 5 
and 6 are attached to the sides of the optical system 4 to 
photograph optical images directed thereto to the optical 
system. The cinecameras 5 and 6 are synchronously drj.ven, 
so that their shutters open alternately, and so that the 
shutters are never open together. Generally each shutter is 
formed by a disc having a window at a given angular 
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photographed on the cinefilm, the movement of which is 
synchronised with the shutter movement, in that case, when 
stereoscopic radiography is to be performed, the shutters of 
the cinecameras are arranged 180° out of phase. Cinecameras 
5 and 6 issue a series of shutter motion detection signals 
when their shutters are open, the outputs being employed for 
exposure control of the X-ray tube 1. A television camera 7 
converts the optical image from the intensifier 3 to an 
electrical image signal and it delivers the latter signal to 
a television monitor (not shown). 

The optical system 4 and its peripherals are shown in 
detail in Figure 2. The optical system consists of a light- 
proof enclosure attached to the image intensifier 3 and 
having a lens 4a adjacent to the outward face 3a of the 
intensifier 3. Television camera 7 with its lens 7a is 
attached to the other end of the enclosure, coaxially with 
lens 4a. Cinecameras 5 and 6 are attached to opposite sides 
of the optical system 4 and at different distances from lens 
4a; their optical axes are at right angles to the axis of 
lens 4a. 

Half-mirrors 4b and 4c are mounted within the enclosure 
and opposite the respective cinecameras 5 and 6. Each half- 
mirror 4b or 4c can be moved by a motor 4d or 4e 
respectively between an operative position shown in full 
line, in which the half-mirror lies at an angle of 45° to 
the axis of lens 4a, and an inoperative position shown in 
chain line in which the half-mirror lies parallel to, and 
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position, each half-mirror is effective to deflect a part of 
the incident light to the associated cinecamera. 

Half-mirror 4b pertaining to cinecamera 5 is 50% 
reflective and 50% t ransmissive, while half-mirror 4c 
pertaining to cinecamera 6 is 90% reflective and 10% 
transmissive. Position detectors 4f and 4g are located in 
the neighbourhood of the half-mirrors 4b and 4c and detect 
whether the respective half-mirror is in its operative 
position or in its inoperative position^ 

An optical diaphragm 4i is driven by a motor 4h to 
control the amount of incident light to lens 6a of 
cinecamera 6, and compensates for movement of half-mirror 
4b: when half-mirror is moved into its inoperative 
position, diaphragm 4i is operated to decrease the incident 
light, and vice versa. Diaphragm 4 i may be constituted by 
the cinecamera's own diaphragm, provided that the latter can 
be externally controlled. 

A second optical diaphragm 4j is provided to control 
the quantum of light to television camera 7 and is driven by 
motor 4k in accordance with the positions of half-mirrors 4b 
and 4c, in the manner of diaphragm 4i. 

Reverting to Figure 1, a mode selector 8 determines the 
mode in which the apparatus is to operate, i.e. whether in 
the stereoscopic cinematography mode, the mono-scopic 
cinematography mode or the fluoroscopy mode.. A radiographic 
control device 9 which receives signals from selector 8, the 




cincc^imeraH and 6 when stereoscopy «e is selected, the 
drive of cinecamera 6 only when the mono-scopic mode is 
selected, and the X-ray tube 1. 

An X-ray controller controlled by control device 9 
emits signals to X-ray high voltage generator 11 to set the 
■ x-ray tube voltage and current according to whether the 
fluoroscopy mode or the radiographic mode is selected. In 
addition, controller 10 emits signals to X-ray switching 
controller 12 which in turn controls the emission of the 
beams from the focal points fr and fl. Thus, the "right- 
beam from focal point fr is generated when the shutter of 
cinecamera 5 is open and the "left" X-ray beam from focal 
point fl is generated when the shutter of cinecamera 6 is 
open. 

The X-ray tube switching controller 12 is shown in 
greater detail in Figure 3. in which tlie signs + and - 
designate, input terminals which receive respectively the 
positive and negative high voltage outputs from the 
generator Controller 12 includes two identical control 

circuits, one for the "right" X-ray beam and the other for 
the "left" X-ray beam. As the two circuits are identical, 
only one will be described, although both are shown in 
Figure 3 with the suffixes r and 1. 

A filament heating transformer 121 receives an output 
from generator 11 and generates a heating voltage 
corresponding to its input, that voltage being applied to 
the corresponding cathode K of the X-ray tube 1. 
Transformer 122 for producing a grid potential is connected 




8 



to a power source and generates a variable voltage at its 
output. Rectifier circuit 123 performs full rectification 
to obtain a d.c. voltage of negative polarity. Tetrode 124 
for the exposure switching control of the X-ray tube is 
connected between the corresponding grid and cathode of the 
X-ray tube 1. A power supply source 125 is connected 
between the cathode and second grid of tetrode 124 and 
applies to the second grid a positive bias to bring the 
internal resistance of the tetrode to an optimum value. 
Condenser 126 is connected between the output terminals of 
the rectifier circuit 123 and a resistor 127 is connected 
between the rectifying circuit 123 and the corresponding 
grid of tube 1. Potential source 128 is connected between 
the catbode and first grid of tetrode 124 to bias negatively 
the first grid to an optimum value. 

A photo-coupler 129 is rendered active on receipt of 
the X-ray exposure switching control output from controller 
ro~ and its output activates a "switching transistor 130 
having its emitter connected to the negative terminal of 
potential source 128 through resistor 131 and i.ts collector 
to the positive terminal of that source. 

The high voltage output from generator 11 is applied 
between the anode and the cathodes of tube 1, being applied 
to the cathod'^s through the filament heating transformers 
121. The negative potential of rectifying circuit 123 is 
applied to the respective grid of tube 1 through resistor 
127, and the positive potential to the respective cathode, 
so as to apply negative bias to the grid G and to hold the 
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tube 1 in the cut-off state. Although the output voltage of 
rectifying circuit 123 is supplied to tetrode 124 as the 
tube voltage, the tetrode is inversely biased between its 
primary grid and cathode and is normally in its cut-off 
state. 

Subsequently, when photo-coupler 129 receives a control 
output from controller 10, transistor 130 is rendered 
conducting, to close the loop formed by bias source 28, 
transistor 130, and resistor 131. The resulting voltage 
drop across resistor 131 increases the potential on the 
first grid of tetrode 124 and the tetrode is rendered 
conducting. Current now flows through resistor 127, the 
potential on the respective grid G of tube 1 is increased, 
electroncs flow from the respective cathode K to the anode 
P, and an electron beam is emitted from the respective focal 
point fl or fr. 

When the input to the photo-coupler 129 disappears, 
transistor 130 is rendered non-conducting causing tetrode 
124 to be cut-off. Negative bias is again applied to the 
respective grid K of tube 1 and the X-ray beam from the 
corresponding focal point of the anode ceases. In this way, 
it is possible to control the X-ray exposures corresponding 
to the right and left eyes by controlling the photo-couplers 
129r and 1291 by the X-ray controllers 10. 
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The operati.on of the optical system will now be 
described: 

Mode selector 8 is initially operated to select one of 
the three modes. 

Stereoscopic cinematography 

Selector 8 applies an appropriate instruction to 
control device 9 which, in turn, controls motors 4d and 4e 
as required to move the half-mirrors 4b and 4c into the 
optical path, as shown in full lj.ne in Figure 2; the 
control of the two motors is determined by the outputs of 
the detectors 4f and 4g, so that each motor is operated only 
if the respective half-mirror is in the inoperative 
position. A control output is also applied from control 
device 9 to each of the motors 4h and 41c to open the 
diaphragms 4i and 4j to thei.r settings corresponding to the 
half-mirrors being in their operative positions. In this 
way, the optical system 4 is set for stereoscopic 
cijiematography . 

X-ray controller 10, under the control of a further 
signal from control device 9, sets the tube voltage and 
current for radiography. At the same time, a drive signal 
is delivered to cinecameras 5 and 6 to initiate shutter 
movement and film movement. As before mentioned, the 
shutters of the two cinecameras are displaced by 180^, so 
that when the cutter of one is open, that of the other is 
closed. Indication signals synchronised with the shutter 
opening times of cinecameras 5 and 6 are issued to control 
device 9, as shown in Figures 4(a) and 4(c) respectively. 
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Control device 9 generates X-ray exposure switching output 
signals in synchronism with the signals from the 
cinecameras. Assuming that cinecamera 5 is to receive 
images corresponding to the right eye and cinecamera 6 
images corresponding to the left eye, on receipt of an 
indication signal from cinecamera 5, control device 9 
transmits an X-ray exposure switching control output to 
controller 10, which sends a signal to the photo-coupler 
129r in the X-ray tube switching controller 12. That 
results in an X-ray beam being emitted from focal point fr 
of the X-ray tube 1, as described above; the pulses of X- 
ray emissions from point fr are shown in Figure 4(b). The 
resulting X-ray image of the object is received on the input 
face of intcnsifier 3 and is converted to an optical image 
which is directed to the optical system 4. 50% of the light 
is diverted by half -mirror 4b to c3.necamera 5, which records 
the right-eye pictures of the object 2 as shown in Figure 

4{er. - ^ 

The 50% of the incident light transmitted by half- 
mirror 4b is received by the second half-mirror 4c which 
diverts 90% towards cinecanjera 6, i.e. 45% of the initial 
quantum of light transmitted from the intensifier 3. 
However, as cinecamera 6 has its shutter closed, no exposure 
is made. The light transmitted through mirror 4c {5% of the 
initial quantum) is received by television camera 7 which 
displays the image on the monitor. 

Similarly, when the shutter of cinecamera 5 closes and 
the shutter of cinecamera 6 opens, the resulting indication 
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signals from the cinecameras results in photo-coupler 129r 
being cut off and photo-coupler 1291 being rendered 
inactive, so that the "right" X-ray beam from focal point fr 
is cut off and the "left" X-ray beam from focal point fl is 
initiated. The resulting light beam is diverted by half 
mirrors 4b and 4c as before but, in this case, the shutter 
of cinecamera 5 is closed so that no exposure is made, 
whereas the shutter of cinecamera 6 is open and photographs 
the "left" pictures of the object. Television camera 7 
again receives and displays the light transmitted by half- 
mirror 4c. 

Until a stop instruction is issued, the "right" and 
"left" operations as described above are alternately 
repeated. In the result, cinecameras 5 and 6 piroduce "right" 
and "left" pictures of the object, which can be viewed 
subsequently in a stereoscope to obtain a three-dimensional 
view of the object. 

Mono-scopic cinematography 

Under the control of selector 8, control device causes 

half -mirror 4b to be moved into the inoperative position 
. shown in chain line in Figure 2. Signals are applied to the 
motors 4h and 41c to adjust diaphragms 4i and 4j to alter the 
opening settings to values corresponding to the increased 
quantum of light reaching half -mirror 4c, due to half -mirror 
4b being rendered inoperative. Subsequently, only 
cinecamera 6 is actuated and only the "left" grid Gl 
positively biased in order to cause pulses of X-ray to be 
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emitted from focal point fl. The operation is otherwise as 
descri.bed above in relation to stereoscopic radiography, it 
being undersood that half mirror 4c transmits 90% of the 
initial light to cinecamera 6 and 10% to television camera 
7. The amounts of light received through the shutter of 
cinecamera 6 is however compensated by diaphragm 4i, while 
diaphragm 4j of the television camera has a similar 

function. - .... 

Fluoroscopic mode 

control device 9 delivers signals to motors 4a and 4e 
to bring both to their inoperative positions, if they are 
not already so positioned. Similarly, optical diaphragm 4 j 
of television camera 7 is adjusted to compensate for the 
increased amount of light passing towards the television 
c^^mera. Further, X-ray controller 10 is controlled to set 
the voltage and current of tube 1 to the values for 
fluoroscopy. Next, a signal for positively biasing the 
"right" grid Gr is- applied to X-ray tube s^vi^^ 
controller 12 from controller 10 to cause the X-ray beam to 
be emitted from focal point fr. The resulting X-ray image 
is converted by intensif ier 3 to an optical image, which is 
led to television camera 7 to display it on the monitor. 
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CLAIMS 



1. X-ray apparatus employing an X-ray tube designed to 
radiate X-rays from at least two focal points independently, 
the apparatus comprising a converter for converting an X-ray 
image derived by means of X-rays from the tube to an optical 
image; an optical system for projecting the opti.cal image, 
the system including a first half-mirror and a second half- 
mirror which is arranged to receive light from the location 
of the first half-mirror, each of the half-mirrors being 
movable between an operative position in the light path and 
an inoperative position out of the light path; first and 
second cinecameras arranged to receive the optical image 
when the first half-mirror and second half-mirror 
respectively is in operative position; means for 
synchronising the drives of the cinecameras so that their 
shutters are opened alternatively and so that the shutters 
are never open simultaneously; a television camera also 
arranged to receive the optical image projected by the 
optical system; mode setting equipment to select a 
stereoscopic cinema togra.phy mode, a mono-scopic 
cinematography mode, or a fluoroscopy mode; radiographic 
control means controlled by the setting equipment for 
controlling the drive of the cinecameras, and for generating 
X-ray exposure switching signals synchronised with the 
shutter movements of the cinecameras; and a switching 
controller for the X-ray tube which controller is operated 
by the switching signals and which is designed to control 
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the X-rays radiated from each of the focal points when the 
stereoscopj.c cinematography mode is selected. 

2. X-ray apparatus as claimed in claim 1, in which each of 
the second cinecamera and the television camera has, or is 
associated with, an adjustable diaphragm controlling the 
level of light entering the respective camera, and the 
radiographic control means is arranged to control the 
diaphragms according to the positioning of the half mirrors. 

3. X-ray apparatus as claimed in claim 1 or claim 2, in 
which the switching controllers includes an independent X- 
ray tube grid control circuit for independently controlling 
the potential on each of the two grids of the X-ray tube in 
response to the switching signals, in order to perform on- 
off control of the radiations from the two focal points. 

4. X-ray apparatus as claimed in claim 3, in which each X- 
ray grid control circuit includes a tetrode. 

5. X-ray apparatus as claimed in any one of the preceding 
claims, j.n which the converter is an image intensifier. 
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